Abstract-This paper presents a new approach to solving the fuzzy stochastic multi attributes group decision-making (MAGDM) problem where the attributes values take 2-tuple linguistic form. First, a 2-tuple hybrid ordered weighted geometric (THOWG) operator is developed and all the individual preference values are aggregated into the comprehensive preference values. Then, by applying generating cloud method, a comprehensive preference value is converted into a normal cloud. Consequently, the cloud prospect decision matrix is constructed by defining a cloud distance, cloud possibility degree and cloud prospect value function. Furthermore, we establish a programming model which satisfies maximum integrated cloud prospect value, attain the attributes weights, and consequently list the order of alternatives. Finally, an example is illustrated to verify the developed approach.
INTRODUCTION
Multiple attributes group decision-making (MAGDM) is an important research topic, which determines the ranking order of the alternatives to help decision makers to make their decisions. In reality, the decision-making information is usually uncertain or fuzzy due to the complexity of object factors and the recognizing limitations of decision makers. Moreover, in many situations, the attributes values of decision-making information take the form of 2-tuples linguistic variables because of time pressure, lack of knowledge, and people's limited expertise related with problem domain. Herrera and Martinez proposed a 2-tuple linguistic model to represent the assessment information which can effectively avoid information loss [1] [2] . Recently, many researchers paid much attention to 2-tuple linguistic MAGDM problems [3] [4] [5] [6] [7] [8] .
The 2-tuple linguistic model can describe the decisionmaking information, whereas it does not seem perfect and accurate to deal with information in terms of fuzziness and randomness. In this respect, the Cloud model can well overcome this weakness and make decision processes more realistic as it characterizes information by using fuzzy set theory and probability statistics at the same time. The Cloud model proposed by Professor Deyi Li, which is based on the traditional fuzzy set theory and probability statistics, not only well characterizes the concept of uncertainty in the natural language, but also reflects the intrinsic connection between randomness and fuzziness [9] . Owing to the advantage of tackling with vague and random information, many methods on Cloud model have been put forward and used to solve MAGDM problems [10] [11] [12] [13] . Hence, it is necessary to incorporate Cloud model into the 2-tuple linguistic to describe the decision-making information.
However, these researches mentioned above generally assumed that decision makers were totally rational and fell into the expected utility theory framework. Nevertheless, the expected utility theory has some unexplained phenomena such as Allias paradox and Ellsberg paradox. Noting the limitations of the expected utility theory, Kahneman and Tversky proposed Prospect theory [14] . The decision-making method based on Prospect theory has recently become a research hotspot because it is more in line with people's actual decisionmaking behavior [15] [16] [17] . To the best of authors' knowledge, however, the study of 2-tuple linguistic fuzzy stochastic MAGDM problems based on Cloud model and Prospect theory at present has not been reported in the existing literature.
The paper aims to develop a new method for studying 2-tuple linguistic fuzzy stochastic MAGDM problems via Cloud model and Prospect theory. A MAGDM method largely consists of four phases: (1) Construct decision problem and describe information; (2) aggregate the input arguments; (3) determine its weights; and (4) multiply these arguments and its weights, and then aggregate all the weighted arguments.
Furthermore, by using THOWG operator, we derive comprehensive preference values and consequently, a comprehensive preference value can be converted into a normal cloud by applying generating cloud method. Based on Prospect theory and Cloud model, we define a cloud distance, cloud possibility degree and cloud prospect value function. According to these definitions, we construct the cloud prospect decision-making matrix which selects all other alternatives as the reference point. Considering the risk attitudes of decision makers, a programming optimization model is constructed to calculate the attributes weights by applying the method of maximizing the integrated cloud prospect value. Finally, based on the cloud prospect decision-making matrix and attributes weighting model, the integrated cloud prospect value is obtained, which provides a scale for ordering alternatives. In addition, an example is provided to show the validity of the approach.
The rest of this paper is organized as follows. Section 2 introduces the fundamental conceptions of 2-tuple linguistic, Prospect theory and Cloud model. Section 3 develops a new aggregation (THOWG) operator and provides a method by which a 2-tuple linguistic is converted into a corresponding normal cloud. We further define the cloud distance, cloud possibility degree and cloud prospect value function. Section 4 proposes a 2-tuple linguistic fuzzy stochastic MAGDM approach based on Prospect theory and Cloud model. Section 5 presents an example to verify our method and Section 6 draws conclusions.
II. PRELIMINARIES
This section introduces the fundamental conceptions of 2-tuple linguistic, Cloud model and Prospect theory.
A. 2-tuple linguistic
First, Herrera and Martinez developed a 2-tuple fuzzy linguistic representation model based on the concept of symbolic translation [1] [2] . It is used for representing the linguistic assessment information by means of a 2-tuple ( , ) 
is a number value representing the aggregation result of linguistic symbol. Then the function  used to obtain the 2-tuple linguistic information equivalent to b is defined as:
where 
From Definitions 1 and 2, we can conclude that the conversion of a linguistic term into a linguistic 2-tuple consists of adding a value 0 as symbolic translation:
s  be two 2-tuples, they should have the following properties:
B. Cloud model
The cloud theory is a model that contains the transferring procedure of uncertainty between quality concept and quantity data representation by using natural language, which was proposed by Professor Deyi Li based on the traditional fuzzy set theory and probability statistics [9] .
Definition 4
Suppose U is a quantitative domain expressed by precise values, and C is a qualitative concept on the domain. If the quantitative value x U  , and x is a random realization of
is a random number with stable tendency:
Then, the distribution of x in the domain is called as cloud, and each x is called as droplet.
Cloud is made up of many cloud droplets, and a single cloud droplet is a specific realization of the qualitative value in number. The three number features of cloud are expectation Ex , entropy En and hyper entropy He . Here, Ex determines the center of the cloud, En determines the range of the cloud and He determines the dispersive degree of cloud droplets.
The 3En rules of cloud refer to that the total contribution of all elements on the domain U to the qualitative concept C is 1.That is, 99.7% of the cloud droplets will fall into the range
Normal cloud is the most common to express the linguistic values. Figure 1 shows the cloud (50, 3.93, 0.1). 
C. Prospect theory
Prospect theory was initially proposed by Kahneman and Tversky [14] . The theory considers that the decision results are associated with the subjective standard of decision maker under uncertain conditions, and different decision makers may have different options on the same issue. Prospect theory is codetermined by the value function and the probability weight function.
( ) ( )
where V is the prospect value, and ( )
is the probability weight function which is the monotone increasing function of the probability assessment, and ( )
 is the value function coming from the subjective feeling of decision maker.
proposed by Tversky and Kahneman [21] :
where x  is used to measure the value deviation from a certain reference point, which is the gains or the losses of the surface value.  and  are parameters related to gains and losses, respectively. The parameter  represents a characteristic of being steeper for losses than for gains and 1   shows the loss aversion.
The probability weight function proposed by Tversky and Kahneman is shown as follows [21] : , , ,
n n s a  be a set of 2-tuples, a 2-tuple ordered weighted geometric operator of n dimension is a mapping TOWG :
, , ,
where
From definition 5 and 6, we find that TWG operator only considers individual importance, whereas it neglects the importance of ordered position. On the other hand, TOWG operator just focuses on the importance of relative position while it ignores the individual importance.
Therefore, this paper presents a new 2-tuple aggregation operator to overcome these limitations. , , ,
, , , 
Thus, , , 
Proof. It is easy to find the conclusion according to Eq. (9). 
Proof. According to Eq. (9), we have 
2) Generating cloud method.
Assume that decision makers' linguistic evaluation scale is n and 
Based on golden section technique [23] , we present a method that a 2-tuple linguistic can be converted into a corresponding normal cloud. For example, to generate five normal clouds, writing
, then the three number features of normal cloud can be described as follows:
He is known, then language. In this case, the natural language is converted into a normal cloud via the generating cloud method.
B. The cloud distance and cloud possibility degree
For the sake of comprehensively considering three number features of normal cloud model, the cloud distance and cloud possibility degree are defined based on "3En rules" of cloud model.
Definition 8[22]
Wang&Zhang Given 1 2 , Y Y over a set F of one-dimensional normal cloud, a function :
d F F R   with the following properties: C is defined as:
The distance of normal cloud (i.e., Eq.(10))satisfies the following properties:
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Similarly，we can obtain 
Remark 2.
• we find that if
• In addition, it is easy to conclude that:
(1)
Proposition 6. Suppose that According to definitions 9, we have
Consequently, by applying Eq. (11), it can be concluded that
C. The cloud prospect value function
According to Eqs. (5), (10) and (11), we can define the cloud prospect value function. 
where cloud C0 is reference point. 4 Z .
In order to compare the effectiveness of our approach with the traditional 2-tuple linguistic MAGDM approach, we select the approach of Wei [4] , which is one of the classical 2-tuple linguistic MAGDM approaches, as a comparison. We take advantage of the same data in the throughout calculation process which are shown in Table III . On the other hand, it is worth noting that the attributes weights of Wei [4] are 4 Z is the best under the good status or poor status, whereas the best alternative is 3 Z under the medium risk. Therefore, it can be concluded that the approach of Wei [4] can't derive a uniformed conclusion under different risk statuses. Our method, however, integrates the statuses of risks (good, medium and poor) into a decision-making matrix by using Prospect theory, and consequently can provide an exact conclusion.
VI. CONCLUSIONS
This paper has investigated the fuzzy stochastic MAGDM problems where the attributes values of the alternatives are 2-tuple linguistic and the information of attributes weights is incompletely known. An approach was provided which is based on Prospect theory and Cloud model. A new 2-tuple aggregation operator was developed so as to aggregate the evaluation value into group's comprehensive evaluation information. In addition, considering the fuzziness and randomness of information, a generating cloud method was proposed that a 2-tuple linguistic is converted into a corresponding normal cloud. Furthermore, based on Prospect theory, THOWG operator and Cloud model, a new approach was presented to solve the 2-tuple linguistic fuzzy stochastic MAGDM problems. Finally, the feasibility and validity of this approach were illustrated by an example.
In the further research about the 2-tuple linguistic fuzzy stochastic MAGDM problems, it would be very interesting to extend our analysis to the case of more sophisticated situation, such as the dynamic group decision, etc. Nevertheless, we leave that point to future research, since our methodology cannot be applied to that extended framework, which will result in more sophisticated calculation and which we cannot tackle it here.
